Concentrations of plasma lipoproteins in 10 men who were habitual smokers were monitored for six weeks after they stopped smoking and related to changes in diet and body weight. The energy intake increased by 10% (p <0 
Introduction
The association between cigarette smoking and coronary heart disease is well established,'-4 but the mechanisms by which smoking harms the heart are poorly understood.5 6 One of the factors which may increase the risk of coronary heart disease is the low concentration of high-density lipoprotein found in cigarette smokers. 7 To assess further the relationship between smoking and plasma lipoprotein concentrations we have monitored the timecourse for changes in lipoprotein concentrations after subjects stop smoking completely and related these to changes in diet and body weight.
Subjects and methods
Twenty-one male smokers, recruited by advertising in the local hospital bulletin, were included in the study and 10 of them succeeded in abstaining from smoking during the observation period of six weeks. Their age range was 32-50-(mean 38) years and weight 64-100 (mean 77) kg. All had been heavy smokers for at least 12 years with a consumption of [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] (mean 21) cigarettes a day. They had normal Swedish dietary habits, and none was engaged in regular physical activities. All felt well, and none took any medication. Routine laboratory tests showed no signs of renal, hepatic, or metabolic disorders.
While abstaining from smoking the subjects were supported psychologically by a team from the hospital's smoking withdrawal clinic, but no medication was given. Dietary habits were registered by a clinical nutritionist, who obtained a careful dietary history both during and at the end of the study.10 The food composition tables edited by the Swedish National Food Administration were used to calculate the proportions of fat, protein, and carbohydrates.
Blood samples taken after one, two, four, and six weeks were collected in the morning, after the subjects had been fasting for at least 10 hours. The initial values represented the mean of two samples drawn at one week and at three days before stopping smoking. 
Results
Carboxyhaemoglobin concentrations were raised before stopping smoking (3-4±1-0%, mean+SD) and fell to below 1 within one week after stopping smoking. The initial concentrations of carboxyhaemoglobin were correlated with the number of cigarettes smoked (r = 068; p <005), but there was no correlation between these two variables and the initial concentrations of high-density lipoprotein cholesterol or apolipoprotein AI.
A small transient decrease of about 5 %O occurred in haemoglobin concentrations, red blood cell count, and packed cell volume during the first two weeks (p < 0-01), but all values were in the upper part of the reference range (initial mean haemoglobin concentration was 14-4 g/dl).
The concentrations of plasma proteins, albumin, ac,-antitrypsin, orosomucoid, haptoglobin, ceruloplasmin, and IgG did not change, but IgA concentrations decreased by about 20",, (p < 0-01).
The initial mean energy intake was 11 676 (range 7896-18 564) kJ per day consisting of 160o protein, 390 fat, 42°,, carbohydrates, and 0 alcohol. After stopping smoking the mean energy intake increased by 90O after three weeks (p <005) and was about 70> above initial values at the end of the study (not significant). This increase could be accounted for by a higher consumption of carbohydrates and fat (+10%' and +90,), p<005 after three weeks). Alcohol intake did not change in the middle of the observation period and decreased slightly by about 90' (not significant) at the end of the study. Body weight increased by a mean of 1-8 kg or 2°! (p < 001). The physical activity of the subjects, assessed by detailed interview, did not change during the study.
The most prominent change in the plasma lipid and lipoprotein concentrations was a rapid and pronounced rise in high-density lipoprotein concentrations after stopping smoking. From comparatively low values (mean 0 82 mmol/l, lower reference limit 0-8 mmol/l) concentrations gradually increased and reached a plateau 290°o above initial values (p < 0-01) after two weeks (fig 1) 
Mean (iSEM) 0-82 (0-036)
Three of the subjects resumed smoking after six weeks of abstinence. Their initial high-density lipoprotein cholesterol concentrations were 0-75-0-92 (mean 0-82) mmol/l and increased by about 13>,, 24",,, 22°O, and 33°% after one, two, four, and six weeks respectively. Four weeks after they resumed smoking the concentrations had again decreased and were only 8",, above the initial values.
The rise in high-density lipoprotein was reflected in all its major components, which increased simultaneously but to varying degrees during the first two weeks after stopping smoking (fig 1) . The increase in high-density lipoprotein cholesterol was mainly due to an increase in the esterified cholesterol fraction, about 41",, at the end of the study (p <0-05), whereas the free cholesterol fraction increased by only 10'>, (p < 0 05), a rise similar to that for high-density lipoprotein phospholipids (p < 0-01). The only lipid constituent of high-density lipoprotein that did not change significantly was the triglyceride component. The protein moiety of high-density lipoprotein, monitored by concentrations of apolipoprotein AI, increased by about 10 (p < 0 01).
As a result of the differential changes in high-density lipoprotein components, the composition of the high-density lipoprotein particles changed significantly after stopping smoking. by linear regression. No significant relationships were found between high-density lipoprotein concentrations and other plasma lipids and lipoproteins. There were no significant correlations between changes in carboxyhaemoglobin concentrations, body weight, or carbohydrate or alcohol consumption on the one hand and high-density lipoprotein concentrations on the other. The increase in fat ingestion was, however, significantly correlated with the rise in high-density lipoprotein cholesterol (r = 073, p < 0-01) (fig 2) . 
Discussion
Cigarette smoking is one of the major risk factors in coronary heart disease.'-4 Several mechanisms have been suggested to explain the harmful effects of cigarette smoking on cardiovascular health5 6; several recent studies have focused on changes in the lipoprotein profile as possible reasons. In several comparative studies of smokers and non-smokers, smokers have had significantly lower high-density lipoprotein concentrations, measured as high-density lipoprotein cholesterol7-9 or as apolipoprotein AI'6; in some studies, moderately raised low-density lipoprotein concentrations have also been found. '7 18 To clarify further the relation between smoking and changes in lipoprotein values, we have monitored the time-course of changes in lipoprotein concentrations, particularly those of highdensity lipoprotein and its constituents, in 10 heavy smokers who stopped smoking completely.
In agreement with earlier findings, our subjects had remarkably low concentrations of high-density lipoprotein cholesterol and apolipoprotein Al before stopping smoking. In fact, five out of the 10 participants had high-density lipoprotein cholesterol concentrations below the lower reference limit (0-8 mmol/l). With the limited number of subjects, no significant relation between carboxyhaemoglobin concentrations or cigarette consumption and high-density lipoprotein concentrations could be shown.8 9 The initial low-density lipoprotein concentrations recorded in our study were not higher than normal.17 18 The participants in the study were encouraged to keep their habits and physical activities as constant as possible after stopping smoking. Nevertheless, almost all increased their consumption of fat and carbohydrate by about 7-10%, but the weight gain (mean 1-8 kg over six weeks) was less pronounced than usually recorded.'9 Alcohol intake, which rapidly raises high-density lipoprotein concentrations,20 fell towards the end of the study.
Except for the minor triglyceride component, all constituents of the high-density lipoprotein fraction increased significantly by 10-15% for apolipoprotein AI, phospholipid, and free cholesterol. Nevertheless, the major component, cholesteryl ester, increased by more than 40%. The corresponding changes in high-density lipoprotein composition suggest that a shift in the ratio of high-density lipoprotein, to high-density lipoprotein, occurred, with a more pronounced increase in the lipid-rich high-density lipoprotein2 particles. The close relation between smoking and high-density lipoprotein concentrations is further illustrated by the fact that in those subjects who resumed smoking after the end of the study concentrations rapidly returned to the low initial values. The mechanisms responsible for the pronounced increase in high-density lipoprotein concentrations remain unclear. Nevertheless, the correlation between the increase in fat intake and rise in high-density lipoprotein cholesterol concentrations indicates that the changes in lipoprotein concentrations after stopping smoking may be partly related to nutritional changes.
